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The measurement of the rate of desquamation is an 
important parameter for epidermal cell kinetic consid-
erations. In order to obtain such information, we have 
compared 2 existing.techniques wit~ a new one and.w_ith 
a modification of a little-used technique for determ1nmg 
the rate of cell loss from the stratum corneum. We have 
also studied regional and age variations in desquamation 
in normal skin. 
The results of the studies performed show there was a 
strong positive correlation between the "chamber" tech-
nique (which measures passive desquamation) and the 
"scrub" technique (measuring forced desquamation). 
There was similar strong negative correlation for the 
scrub technique and the dansyl chloride fluorescence 
method which measures stratum corneum renewal. 
Measures of epidermal cell production are the most fre-
quently used parameters in studies of epidermal cell population 
kinetics. However, in most studies no account is taken of the 
fate of the mature end product of epidermal cells. It is often 
assumed that all keratinocytes differentiate into corneocytes 
and are shed during desquamation at the rate always equivalent 
to the rate of cell production. This assumption takes no account 
of the possibility of nonsteady state situations and intra-epider-
mal cell death, both of which are potentially important in 
epidermal disease. We believ_e that. in order to ch:rr~cterize the 
population kinetics of the epidermis adequately, It IS necessary 
to measure both the rate of epidermal cell production and the 
rate of desquamation. No technique (as yet) has established the 
absolute rate of desquamation, and in this study we have 
attempted to obtain this information as well as compare 2 
existing techniques with a new one and a modification of a little 
used older method for determining the rate of cell loss. We have 
also studied regional and age variations in desquamation in 
volunteers with normal skin. 
MATERIALS AND METHODS 
TECHNIQUES USED 
1. Force.d Desquamation (Scrub Technique) 
We have used a variation of the technique described by Nicholls and 
Marks. [1). The apparatus used in this study is a hand-held machine 
enabling measurements to be taken at different body sites and was 
purpose built by the Department of Biomedical Engineering of the 
University Hospital of Wales [2] (Fig 1). The total area of the chamber 
exposed to the skin is 3.14 em', but the perspex blade length is only 1 
ern. 1 ml of Triton X-100 solution in 0.06 M phosphate buffer was 
introduced slowly without agitation into the chamber. The perspex 
blade, which has rounded edges, was applied to the skin and allowed to 
rotate for 10 seconds at a torque setting of 2 gm/cm. Carefully with-
drawn aliquots of fluid from the chamber were taken a nd the cells 
counted in a Neubauer Haemocytometer without staining. The final 
counts were expressed as the number of cells released per em' skin 
surface per 10 second scrub. 
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2. Passive Desquamation 
Specially constructed chambers were used to measure "passive des-
quamation." The chambers consisted of a perspex disc containing a 
central silicone rubber bung and fiber glass cylinder to allow the free 
movement of water vapour. The chambers were fixed to the skin with 
a nonirritant adhesive mass normally used for the care of abdominal 
stomata (Stomahesive) (see Fig 2). The area of skin covered by the 
chambers is 3.14 cm2 and the volume is 2 ml. The chambers were 
applied to the skin for 48 hr and protected with a foam pad. After the 
period of observation, 2 ml of Triton X-100 0.06 M phosphate buffer 
solution were introduced carefully and without agitation through the 
silicone rubber bung and then withdrawn. The number of corneocytes 
in aliquots of the fluid were counted in a haemocytometer. The final 
counts were expressed as the number of cells released per em' skin 
surface per hour. 
Scrub specimens taken with the hand held apparatus immediately 
following removal of a chamber revealed that there were no loosely 
adherent cell masses remaining on the skin surface. 
If water is substituted for the buffer solution and counts taken 
. immediately then the cell counts obtained are similar in magnitude to 
those obtained using Triton X-100, indicating that Triton X-100 has no 
specific effect on the superficial stratum corneum when used in this 
way. 
3. Dansyl Chloride Fluorescence Technique for SC Turnover 
We have used the fluorescence of dansyl chloride to measure the 
turnover time of the stratum corneum as described by Jansen Hojyo-
Tomoto, and Kigman [3]. 5% dansyl chloride in white soft paraffm was 
applied to the skin under occlusion for 24 hr. The area was examined 
daily with a hand-held ultraviolet lamp emitting mainly in the UV A 
range and the number of days taken to the disappearance of fluores-
cence recorded. Dansyl chloride penetrates the full thickness of the 
stratum corneum and therefore the time taken to its disappearance 'can 
be regarded as t he renewal or turnover time. 
4. Silver Nitrate Technique 
The technique used is ·based on that described by Sutton [4) and 
modified by Ascheim [5], which monitors the disappearance of silver 
nitrate from the skin surface. We further modified it by using serial 
standardized photographic densitometry. 0.1 ml of 1% silver nitrate in 
water was applied to the skin ard then dried with a hair dryer. It was 
then reduced t.o metallic silver with a conventional Metol-Hydroqui-
none photographic developer. The darkly stained area was then pho-
tographed under standardized conditions every 2 hr during the day 
' until the disappearance of the stain. An adjacent site of non treated skin 
was also photographed each time as a control. The density of the stain 
on the photographic negative was- measured with a densitometer and 
expressed as the difference in density between untreated and stained 
skin. S ilver nitrate penetrates only the outer layers of the stratum 
corneum and therefore its rate of loss from the skin surface gives an 
indication of the rate of loss of surface corneocytes. In a protected site 
this is probably related to the total stratum corneum turnover time but 
in a nonprotected site excessive friction may increase the corneocyte 
loss over a short period. 
13 
THE EXPERIMENTS 
The "scrub" and "chamber" techniques were used on adjacent sites 
in 8 volunteers, all of whom had normal-looking skin at the sites tested. 
Five sites were tested in all the volunteers, the forearm, t he upper arm, 
the back, the abdomen and the thigh. 
5% dansyl chloride in W.S.P. was applied at the same 5 sites in 10 
volunteers with normal skin. Fifteen separate volunteers of varying 
ages had the dansyl chloride applied to the forearm only to determine 
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the effect of age on stratum corneum turnover time. Silver nitrate was 
applied to the forearms of 4 different volunteers. The left forearm was 
left unwashed during the study and the right forearm was washed as 
usual. 
found to release the largest number of cells. No significant 
correlation was found to exist between the age of the volunteers 
and the number of cells released. The differences between the 
cell numbers released from the different sites are all statistically 
significant (P < 0.02), except between the thigh and the upper 
arm. 
All the volunteers had given their informed consent and the areas of 
skin examined were free of disease. 1n a ll ins ta nces the volunteers were 
free of any systemic disease that might have influenced the rate of 
epidermal cell renewal. 2. Passive Desquamation 
RESULTS 
1. Forced Desquamation 
The number of cells released per cm2 per 10 second stimula-
tion is shown in Table I. Of the sites tested, the forearm was 
Table II shows the number of cells released per cm2 per hour 
at the different sites in 8 volunteers. No significant correlation 
was found to exist between age and the number of cells released. 
The differences between the different sites are all statistically 
significant (P < 0.02) except between the forearm and back, the 
back and thigh and the upper arm and abdomen. Fig 3 shows 
the strong positive correlation that exists between the "scrub" 
and "chamber" counts (r = 0.98 p = < 0.05) at the different 
sites tested. 
3. Dansyl Chloride Fluorescence Technique 
The number of days taken to the disappearance of fluores-
cence of the dye in 10 volunteers at the 5 sites is shown in Table 
FIG 1. Ha nd-held scrub apparatus in use on forearm . 
FIG 2. Chamber for collecting corneocytes in place on forearm. S "' 
Non irritant adhesive and P = perspex disc with central s ilicone rubber 
bung. 
TABLE l. Rates of corneocyte loss using scrub technique at 5 sites in 8 volunteers 
"Forced desquamation" (Corneocytes/cm'/ 10 Rec scrub) 
Subject No. A,;e 
Forearm Upper Arm Abdomen Thigh Buck 
1 63 89124 63660 70026 76392 70026 
2 43 127320 57294 50928 63660 101856 
3 23 114588 63660 50928 70026 82758 
4 56 89124 57294 44562 63660 89124 
5 21 120954 76392 63660 63660 95490 
6 63 95490 63660 57294 70026 76392 
7 23 108222 63660 57294 70026 76392 
8 86 89124 63660 50298 63660 63660 
Mean 104243 63660 55623 67638 81962 
so 15570 5893 8215 4736 12929 
TABLE II. Rates of corneocyte loss using chamber technique at 5 sites in 8 volunteers 
Subject No. Age "Passive" desquamation (Corneocytes/cm
2/hr) 
Forearm Upper Arm Abdomen Thigh Back 
1 63 1061 795 663 929 795 
2 43 1856 795 663 1061 1591 
3 23 1591 929 663 1061 1326 
4 56 1193 663 530 795 1061 
5 21 1591 1061 795 929 1326 
6 63 928 663 663 795 795 
7 23 1193 663 663 795 929 
8 86 1061 795 530 663 929 
Mean 1309 795 646 878 1094 SD 328 141 84.9 140 290 
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III. The mean turnover time at the forearm is 18.5 days, which 
is significantly shorter than at the other sites tested. No _sig-
nificant differences were demonstrated between the other sites. 
A significant positive correlation (r = 0.62 p < 0.05) was 
shown between the age of the volunteers and the number of 
days taken to the disappearance of the fluorescence. The graph 
in Fig 4 represents the results from 15 separate volunteers. All 
the readings are taken from the forearm. It was also shown that 
a significant negative correlation exists (p = < 0.05) between 
the counts for forced desquamation and the turnover time as 
measured by dansyl chloride (Fig 5). 
4. Silver Nitrate Technique 
Fig 6 represents the mean results at the forearm and thigh of 
the 4 volunteers. The slope of the graph should give some 
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FIG 3. This graph shows a strong positive correlation between the 
"scrub" and "chamber" techniques at the 5 different sites tested . 
TABLE Ill. Days to disappearance of fluorescence from dansyl 
Volunteer Forearm 
1 20 
2 14 
3 25 
4 13 
5 14 
6 20 
7 26 
8 15 
9 19 
10 19 
Mean 18.5 
SD 4.6 
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FIG 4. This graph shows the positive correlation that exists between 
age and the disappearance of fluorescence from dansyl chloride. 
indication of the rate of cell loss from the surface of the stratum 
corneum. The forearm released the stain at a faster rate than 
the thigh, implying a faster turnover time at the forearm. 
However, differences were also shown between the washed and 
unwashed forearm (Fig 7). This suggests that silver nitrate is 
not completely substantive to the stratum corneum and some 
is lost by washing. However, in the 4 volunteers tested, although 
the time taken to the disappearance of the dye was shorter at 
the washed site, .the actual rate of loss as shown by the slope of 
the line is similar to the rate of loss at the unwashed site. 
DISCUSSION 
We have shown that regional differences exist in desquama-
tion rate and that these can be measured by the 4 methods 
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FIG 5. Graph to show negative correlation between the number of 
cells released (using the scrub technique) and the number of days taken 
to the disapperu·ance of fluorescence from dansyl chloride. 
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FIG 6. This graph shows the cha nge in density difference between 
stained and unstained skin over a period of 28 hr. Each point represents 
the mean value of 4 volunteers. e = Forearm lolnd • = thigh . 
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FIG 7. This graph shows the difference between the washed (e) and 
unwashed (.A.) sites using the silver nitrate technique. 
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studied. SC "turnover time" must be related to desquamation, 
though it is possible for the desquamation rate to be influenced 
by short-term stimuli which will not alter the turnover time 
significantly. We found a significant negative correlation be-
tween forced desquamation and turnover time. We have also 
shown that the turnover time of the stratum corneum appears 
to decrease with age, confuming similar findings from previous 
workers using fluorescence dye techniques [5). We believe that 
the fluorescent technique is useful and accurate, but is incon-
venient because of the time lapse of 3 or 4 weeks before results 
are available. The silver nitrate technique is of limited value 
where normal social washing occurs, as it appears to be incom-
pletely substantive to the stratum corneum. However, in a 
protected site, it may be of some use for assessing short-term 
changes in loss of cells from the surface. Of the 4 techniques 
tested, the chamber method gives the most accurate measure 
of absolute desquamation rate. We have shown that the cell 
loss from the protected stratum corneum is approximately 1000 
cells per cm2 per hour. Unfortunately, the chambers have to be 
in place for 48 hr before sufficient cells are released to give an 
accurate count. Whether measuring cell loss from a protected 
site (albeit one that has normal water exchange) in this way 
represents a physiological state of affairs or not cannot at 
present be answered. It may be that desquamation requires 
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traumata in order to occur normally. In any event, we believe 
that the value obtained by measuring passive desquamation 
rate may be of use in identifying the epidermal compartment at 
fault in disorder characterized by scaling. 
More convenient is the forced desquamation technique (scrub 
technique) measured over a period of 10 seconds. The strong 
positive correlation that exists between the results of passive 
desquamation as measured using the chambers and the cell 
counts from the scrub technique suggest that for pharmacolog-
ical evaluations and serial determinations the measurement of 
forced desquamation is the most suitable. 
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